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BACKGROUND OP THB ITOSSTTJO^ 
1 . FIELD OP THE IHVENTIOS3 

The present invention relates to an optical filter and 
an optical device provided with this optical filter. 
2. DESCRIPTION OP THE ftSLATBD AR5 

In a digital still camera employing an imaging dovice 
such as a CCD (hereafter a digital ©till camera Ad Dimply 
referred to as a °DSC B in this specification), °bea&° 
interference may occur as a result o& a certain relationship 
between the spatial frequency of the subject image an& the 
repetitive pitch of dot -type on-chip color separation 
filters provided at the front surface o2 the imaging device. 



In order to prevent any false color signals from being 
generated by the beat, i.e., in order to prevent tb<a so- 
called "color moiro.° an optical low-paoo filter is provided 
between tho taking leno and tbe imaging device. The optical 
5 lou-psss filter, which io constituted by employing a 

birefringont plat© achieving birof ringanco, reduces tho 
generation ©£ tho boat through the birefringent effect 
provided by the birefringent plate. Normally, quartz is 
employed to constitute the birefringent plate. 
10 Japanese Examined Patent Publicatioa Wo. 1S94-20316 

proposes an optical low-paoo filter employing two 
birefringoat plates such as that described above, which ia 
suited for application in an imaging device provided with 
dot -type on-chip color separation filters. Yhio optical 
15 low-pas© filter is constituted by enclosing a guarUr-uave 

plate between two birefringent plates with tho directions ia 
which the image becomeo shifted through the birefringence 
of foot by approximately 90" from each other. 

Now, tho so-called direct image forming system, in 
20 which the imaging device is directly providod at the primary 
image forming plane off the taking lens without employing © 
reduction lens system or the like is becoaiag th© mainstay 
in single lens reflex typo DSCs that allow interchange of 
the taking lens among DSCs in recent years. Tho advent of 
25 the direct image forming system has been realised through 
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the utilization of imaging devices having a largo imago area 
of approximately 15.5mm X 22.8mm that havo boon manuf actured 
in recent years to replace 2/3° siie (approximately 6 . Bam 2 
8. 8mm) and 1" size (approximately 9.3mm 2 lama) imagine 
devices that have been conventionally used in television 
cameras and tho like. With thia sise of imago area 
available, an image plane having a size (approximate aspect 
ratio 2:3 » 15. 6mm X 22.3mra). which is comparable to tho 
image piano sis© of the C-type silver halido film IX3dO 
system (APS), is achieved. By employing an imaging device 
achieving a relatively large image area, it becomes possible 
to adopt a camera system that employs the 13 5 -typo 
photographic film in a DSC. To explain this point, 
providing a 2/3° size or 1° si so imaging device at the field 
of a camera using the 13 5 -type film only achieves a small 
image plane size for the imaging device compared to tho 
image plane size of the 135-type film (24ms X 36ms> . As a 
result, a largo difference will manifest in tha angle of 
field achieved by a taking lens having a specific focal 
length, to cause the photographer to feel restricted. T»i© 
problem becomes eliminated es the image area ©f the imaging 
device increases Bnd becomes closer to tho image plane size 
of tho 135-type film. 

However, as the image area in a single leno roflex typo 
DSC. which forms the primary image with the taking lens at 



an image device directly, increaoos. the problem© explained 
below ariso to a degree to which they cannot be neglocted. 

Imaging devices in DSCs in recent years have evolved in 
two directions. i.Q., toward a higher concentration of 
5 pixels and toward a larger image plane. When the number of 
pixolo is increased to exceed 1 million pixels while 
maintaining the size of the image plan© at approximately 
1/3° to 1/2- as in the prior art, the pixol pitch becomeo 
reduced. For instance, is an imaging device having 
10 approximately 1.300,000 pixels, with its image plane siae at 
approximately 1/3.- the pixel pitch io approximately 4*1®. 
Generally speaking, the pixel pitch °P B at an imaging device 
and the thickness p t* of the birefringent plates 
constituting the optical low-pass filter which is employed 
15 to support the pixel pitch °p D achieve the relationship 
expressed through the following equation (1) 
p = t(n© 2 - no 3 ) / (2n<a x no)-(l) 
with 

t: birefringent plate thiefcneso 
20 ne: extraordinary ray refractive index at bire£riagoat plat© 

no: ordinary ray refractive index at birefringent platQ 

Whea a quartz plate, which is most commonly employod to 

constitute a birefringent plate, is used in an imaging 

device with a pixol pitch of approximately 4>vm, the 
25 thickness °t° required of the quarts plate is concluded to 
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be approximately 0.7mm by working backward with °p° in 
aquation <1) set at oinco tho rofroctiva indices of 

quarts for light having a wavelength o£ 589nsa are ne = 
1.55336 and no ° 1.S4425. Since the thickaeoo o2 tho 
5 quartor-wavo plate needs to be approximately O.Sssa 

regardless o£ the pixol pitch p. the entira thickaeGO 
achieved when constituting an optical low-pass filter by 
pasting together three plates, i.e.. two quarts plates 
(birefringent platoo) and one quarter-wove plate, will &o 

10 approximately 2m®. 

However, when tho area of the photooenoitiva surface of 
an imaging device increases, as in the case of, in 
particular, an imaging device employed ia a singl© leno 
reflex typo DSC. it becomes necessary to inereaoo tho 
15 thickness of the optical low-pass filter for tha reasono 
detailed baloa. 

While the eise of the image plane ©2 a 1/3" imaging 
device is approximatoly 3.6aa X 4.8ma. lot us aoa eeaoidos 
an imaging device having aa imago plane sis® equivalent to 
20 that of thQ C-type (aspect ratio 2:3 ° 16mm X 2«m»> in an 
TX240 system (advanced photo system (APS) ) with silver 
halide film. When pixels are arrayed at a pixol pitch of 
approximately «M» on this imaging device, the total number 
of pixels for the entire image plane will excood 20 million 
25 by simple calculation, and it is considered that tho current 
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technical level is not high enough to realize such a large 
number o£ pixels for practical use froia the viewpoiato of 
the yield in imaging device production, the scale and 
proceooing speed of the image information processing circuit 
5 and the like, As a result, it is assuaeG that it is 

appropriate to set tho number of pixels at approximately tt?o 
million and Beveral hundred© of thousands in an imaging 
device having a large image plane equivalent to that o£ the 
APS-C type, which oots the pixel pitch at 10 aad soveral l*m . 
10 For instance, when an ApfoC oize imaging device USmsi 2 

24mm) io. prepared at a pixel pitch got to IS^m, the number 
of pixels in the imaging device will be approximately 
2.670.000. When constituting tho birefringent plates e£ tho 
optical lot7-pass filter employed ia combination with the 
IS imaging device having tho pixel pitch of 12pm ^ith quartz, 
tho thickness of a single quarts plate is calculated to bo 
-t° ° 2.0dmsi by incorporating °p° ° 12ms* in equation (1> • 
By adding the thicknesses of two such qu©s?t8 platoo and a 
quarter-wave plate (0.5mm), tho thickness of the optical 
20 low-paso filter ia calculated to be 4.58mm, which io more 

than t^ice as large as the thickness of an optical lo^-paos 
filtos (thickness: 2mm) with the pixel pitch sot at &im. 

In addition, since the spectral sensitivity of an 
imaging device is different from tho spoctral sensitivity o£ 
25 the human eye, an IR blocking filter is normally provided to 



. 6 - 



cut off infrared light within tho imaging optical path ia a 
DSC employing an imaging device This IR blocking f iltor 
(thicknotso; approximately 0.8am) is also provided pasted to 
the optical low-pass filter. Thus, the entire thickness of 
5 the optical lew-paas filter supporting the pistol pitch of 
13UB will go up to 5.38ras» uhoo tho thickness of tho XR 
blocking filter is included. 

St io difficult to place an optical low-pass filter 
having such a thickness betwsen a taking leno and aa imaging 
10 device. Bven in the case of a regular lens shutter type 
DSC, which dooo not require any member to bo provided 
between the rear end of tho taking lens and the 
photosensitive surface of the imaging device except for the 
optical low-paso filter, it must be ensured in design that 
the minimum value (the so-called back focal distance) of the 
distance between the rearmost end of the taking lens and the 
imaging device is larger than the thickness of tho optical 
low-pass filter. Setting the length of the back focal 
distance of the taking leas larger than the focal length of 
the taking leno imposes restrictions in terms of the optical 
design. 

Furthermore, in the case of a single lens refiea type 
DSC. which directly forms an image. of the subject achieved 
by a taking lens on a large size imaging device without 
25 employing a reduction lens system, a quick return mirror for 
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switching the optical path batmen the viewfinder aad tho 
imaging systea or a fixed semi transparent mirror (beam 
splitter) is needed between the taking lens and the imaging 
dovico. xn addition, a mechanical abutter is retired for 
5 defining as exposure time aad for blocking the imaging 

device from exposure during an image signal road operation 
at the imaging device. While this structure having a mirror 
and a shutter provided between the taking lens and ita image 
forming plane is also adopted in a singlo loao rofloss camera 
10 that employs regular silver halide film, it is difficult to 
provide an optical low-pass filter having a thickness 
exceeding 5mm in addition while ensuring that it does not 
present any obstacle in the operation or the mirror at the 
abutter. It merits particular note that more and more 
15 cameras in recent years adopt the autofocuo (AF> function, 
and that a singlo lens reflex camera with the AF function 
adopt o a structure having a sub mirror provided to the rear 
of the <suiek return mirror, i.e., betwooa tho «uiek return 
mirror and tho shutter, to guide light flux to a foeal point 
20 detection device. This makes it even more difficult t© 
position an optical low-pass filter having a thickness 
excooding 5ms. 

in addition to the problem of- an increased thickness of 
the optical lotj-pass filter resulting from a larger pixel 
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pitch in a larger imaging device ao described above, anotb.es? 
problem arises aa detailod bolow. 

Hormally. the length of the air equivalent optical path 
achieved when light ia transmitted and advancoo through a 
5 medium having a thickness »t- and a refractive iadoa "a" is 
estpre ooed ao t/a. la other wordo, the air e<auivalea& 
optical path lengths achieved whoa light advances through 
media having the same refractive index °n= but having 
different thicknooooo "t". vary. Bow, let us eoaoides? light 
10 emitted from one point on the optical axis of a photographic 
optical system toward an imaging device to roach the center 
oi the image plane of the imaging device and light emitted 
from the same point on the optical astio of the photographic 
optical system toward the imaging device t© reach the 
15 periphery of the imago piano. 

Since the light that reached the center of the image 
plane enters the light entry surface of the optical lotj-pasts 
filter at almoot a right angle, °t° roughly equalo efeo 
thickaeso of the optical low-peso filter, la contrast. 
20 since tho light reaching tho periphery of the imago plane 

advances diegonally through the optical low-paeo filtes, °Z° 
here io larger than the "f encouatered by tho light 
reaching the center of the image plane. Since tho lengths 
of the air equivalent optical paths achieved by light being 
25 transmitted through the optical low-paso filter aro 
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different for the light reaching the center of the imago 
plane and the light reaching the periphery of tno imago 
plane as explained above, a focus misalignment occurs is tho 
direction of the optical axis between the imaga plana center 
and tno image plane periphery. The degree off this focus 
misalignment increaseo as the thickness of tno optical low- 
paea filter increaaea as described above, which may result 
in a reduced image <juaiity at the peripheral area of the 
image plane. 

As tbo size of the imaging device is increased, a 
problem off foreign matter becoming transferred as explained 
next, i.e.. a problem ©f soreign matter such ao duot and 
lint adhering to the photosensitive surface of the imaging 
device to cast a shadow onto the image captured by the 
imaging device, tends to occur readily, in addition to the 
problems discussed above. In particular, in an 
interchangeable lens type DSC in which foreign matter such 
ao duot and lint readily entoro the mirror box wbera the 
taking lens is detached, this problesa is tnoro pronounced. 
20 A similar problem occurs in optical devieeo ouch ao 

facsimile machines and image scanners when foreign matter 
such as dust and lint materialize as a document ia 
transmitted or the document read unit moves, which may 
become adhered to the vicinity of the photosensitive surface 
off the photoelectric conversion element or the glass (platen 
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glass) upon which th© document i8 placed to result in a 
shadow being cast on the input image, ao in the 
interchangeable lens type DSC. 

Nou, since th© crystal o£ quarts employed to constitute 
birefringent plates imparts a piezoelectric effect, the 
crystal itself is caused to become electrically charg®d 
readily by vibration or the like. The quarts crystal also 
has a property that does not allow a stored electrical 
charge to be discharged eaoily. In addition, sine© an 
insulating material such as plastic, ceramic or tho lifco is 
employed to constitute the imaging device package, the 
electrical charge stored at tho imaging device cannot b© 
released with ease. 

Vibration and air currents occurring as a result of an 
operation of an optical device somctimeo cause th® foreign 
matter discussed above to become suspended inside tho 
optical device, which may ultimately becoa© adhered to tfca 
electrically charged birefringent plates, imaging device or 
the like, as explained above. Consequently, the operator of 
th© optical device is required to eleaa tho optical d©vic© 
frequently to prevent shadows from being caofc ao explained 
earlier. 
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stracmax op *?hb xhvbhtios 

A first object of the present invention is to previa© 
an optical filter achieving a small thickness and an optical 
device provided with the optical filter. 

A second object of the present invention is to provide 
an optical low-paoo filter which io capable of preventing 
the loss of image quality at the periphery of the image 
plane even when the image area at the imaging device is 
expanded or ovoa whoa tho pixel pitch is iacreaood. and an 
optical device provided with the optical low-paso filter. 

A third object of the present invention is to prevent 
foreign matter from becoming adhered to the optical filter 
described above, a photoelectric conversion element and the 
like to cant shadows thereupon, by neutralizing an 
electrical charge occurring aa a result of the optical 
filter, the photoelectric conversion element and the like 
becoming electrically charged. 

la ordos to achiovo tho objects described above, the 
present invention comprises a first birefringeat plate 
constituting an optical element that spatially divides 
incident light into two separate light fluxes along a firse 
direction extending perpendicular to the direction in which 
the incident light advances, a vibrational plane converting 
plate that changes the vibrational planes off the two light 
fluxes emitted from the first birefringent plate and a 
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second birefringent plate constituting an optical eleaeat 
that spatially divides each of the two light fluaoo omitted 
fro® tho vibrational plan® converting plate into ttJO light 
flukes along a oocond direction that is different gsro® tto© 
firat direction to achieve a total of four aep&rate light 
fluxes, *ith at least either the first birefringent plate or 
the oecond birefringent plate, constituted of a mat©rial 
having a larger difference between the extraordinary ray 
refractive index and the ordinary ray rofractiv® indcaa 
compared to that o2 quarts. 

In addition, according to the present invention, an 
anti- reflection coating is applied to a boundary surface o£ 
the firat birefringent plate and an optical element provided 
adjacent to tho first birefringent plate and a boundary 
surface of the aecond birefringent plat® and an optical 
element provided adjacent to the aecond biref ringont plat®. 

Furthermore^ according to the present invention, tho 
vibrational plane converting plato is constitutor ©£ Q pha©Q 
plat® that is capable o£ creating a phaoo differonco of a 
specific quantity between a light component that vibratos in 
one vibrating direction end a licet component that vibrates 
in another vibrating direction extending perpendicular to 
the one vibrating direction for each of the two light fluxe© 
emitted from the first birefringent plat©- 
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According to the present invention, the vibrational 
plane converting plato may bo eMU.tit.ttd of an optical 
rotatory plato provided as an optical element that rotates 
the directions of vibration of the t*o light flnaa esitted 
from the first birefringent plate at the vibrational plan* 

by a specific degree- 

Alternatively, tbo present invention comprises a firot 
birefrin S ent plate for spatially dividing light emitted froa 
an imago forming lens along a first direction to acbiovo tDC 
separate light fl«oo. a phase plato that creates a phaoe 
difference of a apecific quantity between a light component 
that vibrate* in one vibrating direction and a light 
component that vibratoc, in anothor vibrating direction 
extending perpendicular to the ono vibrating direction for 
15 each of the t«o light £!«•□ fitted from the firot 

biref ringent plato and a aocond biref ringent plato having 
almost the same thickness and almoDt tbo samo refractive 
inde* as those of the first birefringent plato. providod for 
spatially dividing each of tbo to. light flu*eo emitted fro, 
the pbaao plato along a second direction that is different 
frcB the first direction to achievo wo separate light 
zluxeo to be guided to tbo imaging piano of tbo imaging 
device. «itb the thickness tl and .the refractive inde* nl of 
the first birefringent plate and tbo 8 econd birofringeat 
plate satiofyiag the following conditional option. *±th A 
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representing the image height at the imago plana corners, PO 
representing the air o<jnivalent optical path length 
extending from the imaging piano to tho esit pupil of the 
image forming lens and &/PO ^0.15 eotiofiod. 
n 1 

tUCx = — (2) 

Y (n 1) 

with 

cos 4> 

Y (nl) = 1 - (3) 

cos 01 

If / cos ^ \ 6 2 \ 

C= — x KxBxdxFno- 1 — J * — — f-< 4 > 

21 \ cos52/ n2 J 

s i n 4> 

sin 81= — (5) 

n 1 

/ s i n 4> \ 
6 1= 3 in-'l- J— (6) 

/ n 1 x s i n £ A 
6 2 = s i n 1 ( — J — (?) 

0. 25S K SO. 35 — (8) 
1 ^ B < 3 •••(©) 

tl : thickneosoo of tho first birefringent plat© end the oeecnd birefrineem 
plate 

n1 : refractive indices of the firot birefringent plate end the second 

birefringent plate 
t2 : thickness of the phase plate 
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n2 : refractive indBK of phase plate 
d : pixel pitch at the imaging device 

$ : Anglo of incidence at a first birefringent plate of light flux 

entering corner of The imagine plana of the isaging device from the 
center of the eait pupil of the taking lens 
Fno : F number of the taking lens 

5 Alternatively, the present invention may comprise a 

first birefringont plate for spatially dividing light 
omitted frosa an image forming lens along a first direction 
to achieve two separate light fluxes, a phase plate that 
creates a phaoe difference of a specific quantity between a 
10 light component that vibrates in one vibrating direction an«3 
a light component that vibrates in another vibrating 
direction extending perpendicular to the one vibrating 
direction for each of the two light fluxes emitted from the 
firot birefringent plate and a second biref ringeat plate 
15 having almogt the same refractive index as that of the first 
birefringent plate, provided for spatially dividing each eg 
the two light fluxes emitted from the phase plate along a 
second direction that is different froa the first direction 
to achieve two separate light fluxes to be guided to the 
20 imaging plan© of the imaging device, vith the tfciekaeso til 
and the refractive index nl of the first birefringent plate 
and the thickness t!2 and the refractive indess a& o2 the 
second birefringent plat® satisfying the following 
conditional equation, with A representing the image height 
25 at the image plane corners, PO representing tb© air 
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equivalent optical path length extending from the imaging 
plane to tho exit pupil of the image forming lens and 
A/PO ^ 0.15 satisfied. 

n 1 

tll + t 12 < Clx — — (10) 

Y (n 1 ) 

with 

c o 8 4> 

Y (nl) -1 r ••' 

c o s e l 

/ cos * \ 1 2 ,n o-s 

Cl = KxBxdxFno- 1 — x — "(12) 

. \ cos 6 2/ n2 

6 i n 0 

sin 6 1 = — (13) 

n 1 

, s i t. v , 
9'1-sin- 1 - (14) 



/nlxs in^\ 
I n2 ) 



0 2 = sin" 1 ^ j — (15) 

0. 25^ K SO. 35 — (16) 
1 £ B £'3 ' — (17) 

t11 : thickneas of the first birofringent plate 
t12 : thickness of the second birofringent plata 

n1 : refractive indices of the first birefringent plot© and tho second 

birofringent plate 
t2 : thickness of the phase plate 
n2 : refractive indea of phase plate 
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d : pixel pitch at the imaging ciavice 

* : Angle of incidance at a first birefringent plate of light flux 

entering corner of the imaging plana of the imaging device from the 
center of the eait pupi I of the taking lens 
Fno : F nuabar of ths taking I ere 

5 Alternatively, the present invention eaay coapsrioe a 

first birefringent plate for spatially dividing light 
emitted from an image forming lens along a firot direction 
to achiGVQ two separate light fluxes, a phase plate that 
creates a phase difference of a specific quantity between a 
10 light component that vibrates in one vibrating direction and 
a light component that vibrates in another vibrating 
direction extending perpendicular to the one vibrating 
direction for each of the two light fluxes omitted froxa the 
first birefringent plate and a second birefringent plato 
15 having a different thickness and a different refractive 

index from tboso of th® first birefringent plato* provided 
for spatially dividing each of the two light fluxes emitted 
from the phase plate along a second direction that ±® 
different from the first directiea to achieve tuo separate 
20 light fluxes to be guided to the imaging plan© of the 

imaging device, with the thickness til and the refractive 
index nil of the first birefringent plate and tho thickness 
tl2 and the refractive index n!2 of the second birefringent 
plate satisfying the following conditional e<juation, with A 
25 representing the imago height at the image plane corners. PO 
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represoating the air bivalent optical path lensth 
extending fro» tbo imaging plane to the exit pupil of the 
image forming lens and A/PO £ 0.15 satisfied. 



\ cos ^ 1/ nil \ c o s 0 3/ nl 
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15 



20 



2 

- S C2 - (18) 
2 



with 



/ cos * \ t 2 

C2-KxB-x«xr..-(l- co , „) " — ■""" 



sin 51- - (20) 

nil 



• 1 - 1 *-' trrr-) ~ (,n 

/ n2xsin 62 \ 

• »—•»-* \— m J 
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C2 3) 



0. 25S K.S0. 3 5 - (2 4) 
1 £ B ^ 3 — (25) 

t11 : thickness of the first biref ringent plate 
t12 : thickness of the second biref ringent plate 
nil : refractive indes of the first bi ref ringent plate 
n12 : refractive indsR of the second biref ringent piste 
t2 : thickness of the phase plate 
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n2 : ref roetiv© indaK of phasa plate 
d : pi»9f pitch at the imaging daviee 

& : Angle of incidence at a first birefringsnt plats of lie^t flux 

entering corner of the imaging piano of the imaging device from the 
center of the eait pupil of tho taking lens 
Fno : F nurtter of the taking lens 

The present invention is further provided uitfc a 
5 neutralizing circuit for neutralizing electrical charges 
stored at the first birefringent plat© and the second 
birefringent plate. 

In addition, the present invention is provides witfo a 
neutralising circuit for neutralizing at leaot on® of tfc® 
10 electrical charges [stored at the optical filter, the imago 
forming leno and the imaging devices. 

The present invention is provided with a photoelectric 
conversion element for converting an optical imag© guided to 
a photosensitive portion of the photoelectric conversion 
15 element to an electrical ©ignal, having a cover member 

covering the photosensitive portion, a transparent electrodQ 
formed at a front surface of the cover member and a 
conduetivo circuit electrically connected *yitk tk® 
transparent electrode and provided to neutralise any 
20 electrical charges occurring at tho photoelectric conversion 
element caused by the operation of the electrical system. 

Furthermore, the present inveatioa io provided ^ith a 
photoelectric conversion element for converting an optical 
image formed by an image forming lens to an electrical 
25 signal, an optical member provided in an optical path 
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between the image forming lens and the photoelectric 
conversion element, a transparent eloctrod© provided, at 
least, at a ourface of an optical mombsr locatod in the 
vicinity of the imago forming plane of the imago forming 
lens and a conductive member electrically connected with the 
transparent electrode end provided for neutralising the 
electrical charge occurring at the optical member. 

The present invention may be further provided with a 
voltage source that reducoo the force with which matter 
adhering to the photoelectric conversion element by applying 
a voltage to a conductive member. 

Tho present invention its further provided with a 
shutter that can be switched between a light blockiag state 
in which a light flux entering the pho tooloc trie converoion 
element is blocked and aa open state in which tho light flust 
is allowed to pass, with the conductive circuit provided to 
neutralize the electrics! charge occurring at the 
photoelectric conversion element as a result of a shutter 
operation. 

2a addition, the present invention may be further 
provided with a voltage source that reduces the £©rco with 
which foreign matter adheres to the optical member* by 
applying a voltage to the conductive member. 



The present invention is further provided with a 
control circuit that sustaiao tho ©pen atate of the shutter 
and applies the voltage to the optical member. 



FIG. 1 illustratea the structure of the optical filter 
according to the present invention; 

PIG. 2 ie a ochomatic illustration of the structure and 
tha principle of the optical filter according to the present 
invention ; 

PIS. 3 ia a longitudinal sectional view illustrating an 
example of the structure of a single lens reflex typo 
digital still camera provided with the optical filter 
according to the present invention; 

FIG. « illustratea the relationship between tha 
thickness of the optical filter and the .piael pitch at tha 

imaging device; 

FIG. 5 ia a longitudinal sectional view illustrating 
another example of the structure of a single lens reflex 
type digital still camera provided with the optical filter 
according to the present invention; 

FIG. 6 presents a schematic structure of the optical 
filter in an embodiment of the present invention, 
illustrating an example of the combination o2 tw© 
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birefringent plates having equal thicknesses and refraetiv® 
indicoo; 

FIG. 7 illustrate© focus aioalignnant caused by aa 
optical low-paoo filter; 

FIG. 8 illustrate® the relationship botwooa th® angle 
of incidence of a ray of light entering the optical lo^-pasa 
filter and the focus misalignment quantity; 

FIG. 9 illustrates the relationohip between tho angle 
of incidence of a ray of light entering the optical lou-paaa 
filter and the focus misalignment quantity; 

FIG- 10 illustrates a method for selecting the 
combination of the refractive indices and the thicknesses of 
the birefringent plates; 

FIG. 11 illustrates another method for selecting the 
combination of the refractive indices and the thicknesses of 
the birefringent plates; 

FIG, 12 illustrates yet another method for selecting 
the combination of the refractive indices and tfco 
thicknesses of tbe birefringent plates; 

FXG. 13 presents a schematic structure of the optical 
low-paao filter in an embodiment of the present invention, 
illustrating an example of a combination of t*o birefringent 
plates having equal refractive indices and different 
thicknesses; 
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PIG. 14 presents a schomatic structure of the optical 
lo^-pase filter in an embodiment of th® present inventioa, 
illustrating an example of a combination of tt*o birafringent 
plates having different thicknesses and refractiv® indices; 

FIG. 15 illustrates an example in which tho prosoafc 
invention i© adopted is a camera; 

FIG. 1$ is an enlargement of the area in t?hich the 
optical filter and the imaging device arc provided in the 
easier a; 

FIGS. 17A - 17D illustrate structural ex&sploo o£ the 
conductive connection portions through vaich th® electrical 
charge stored at tho optical filter is released? 

FIG. ^18 illustrates an essential portion of another 
example in *hich the present invention is adoptod in a 
camera; 

FIG. 19 illustrates an essential portion off yet another 
example in *hich the present invention io adoptod ia a 
camera; 

FIG. 20 illustrateo an example in uhich the preoest 
invention is adopted in a camera having a relay lens systesa; 
and 

FIG. 21 illustrates an example ia vnich tho pr®s®at 
invention is adopted in an image reading device (image 
scanner) . 
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DBSCRXfrTXOE OP THS PRSPBRBBB BMBO©Xia£JS«S 

_ Advantage of space Saving Achieved by Reducing the Total 
Thickness of the Optical Filter - 

PX6. 1 is a perspective illustrating an example of the" 
optical filter according to the present inventioa. Tho 
optical filter 1 in FIG. 1 comprises four main components, 
i.e., four optical elements each formed in a plats shape, 
i.e.. a first birefringent plate la, an X* blocking filter 
lb, a phaoe plate lc and a second birefringent plate Id. 
The first birefringent plats la and the seceafi birefringent 
plate Id are positioned by ensuring that the direction in 
which an imago shift occurs as a result of the birefringence 
achieved by the first birefringent plate la and the 
direction in which the image shift occurs as a result of the 
birefringence achieved by the second birefringent plate Id 
are offset from each other by 90*. The XR blocking filter 
lb for cutting off infrared light and the phase plate lc for 
converting linearly polarized light to circularly polarised 
light are provided between the two birefringent plate© la 
and Id. The phaoo plate lc may be constituted of, for 
instance, a quarter-wave plate. It is necessary that the 
phase plate lc be provided between the two birefsfingeafc 
plates la and Id in this manner, and in additioa. since the 
XR blocking filter lb turns milky when it comes ia contact 
«ith air, it is normally enclosed by substrates to ensure 
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that its surface dees not come in contact with ais. 2£ is 
to be noted that wkilo tho IR blocking filter lb may be 
constituted by vapor-depooi ting a multilayer film having an 
IR blocking effect on the surface of a glaso substrata, a 
multilayer film similar to that mentioned above may b© 
provided at a surface of the first biref ringeat plato la or 
the second birefringent plate Id. instead. In this cose, it 
is desirable that a protective layer bo provided to ensure 
that tho multilayer film does not come in contact ttith air. 
By providing a multilayer film at tho surface of the first 
birefringent plate la or the second birefringent plate Id in 
this manner, the total thickness of the optical filter % can 
be reduced. 

Next, in reference to FIG. 2, the functions achieved by 
the optical filter X structured as illustrated is FX©. 1 are 
explained. It is to be noted that in FIG. 2, th© IS 
blocking filter lb is not shown to achieve simplicity in the 
explanation and that the first birefringent p&'ato 1© and the 
phase plate le. and tho phase plate 1c and the second 
birefringent plate Id are shotm separate from eac& other. 

When a light ray & that has been transmitted through a 
taking lens 20 enters the f irot birefringent plat© la, it io 
separated into linear light (an ordinary ray L10) that 
vibrates in a direction perpendicular to the direction in 
which the light flux advanceo and linear light 
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(extraordinary ray L20) that vibrates perpendicular to the 
ordinary ray 1.10) . Since the f iret birefringent plate la 
has different refractive indices for the ordinary ray L10 
and the extraordinary ray L2 0, the photographic light ray k ' 
that becomes the ordinary ray 1.10 and the extraordinary ray 
L2 0 after entering the birefringent plate la travel through 
two separate optical paths, achieves a double image. In 
this structure, with the direction in which the 
extraordinary ray L20 is shifted relativo to the ordinary 
ray L10 (the horizontal direction in the figure) referred to 
as a first direction, the £iret birefringent plate la can bo 
considered to be an optical element that opatially divides 
input light along the first direction extending 
perpendicular to the direction in which the input light flux 
advanced to achieve two separate light fluxeo. These two 
light fluxes, i.e., the ordinary ray L10 and the 
extraordinary ray 1.2 0 are linear light fluxes achieving a 
light intensity ratio of 1:1 and having polarisation planes 
intersecting each other orthogonally, since the light ray X. 

is natural light. 

Hestt. the ordinary ray L10 and the extraordinary ray 
L20 enter the phase plate lc. The phasa plate 1c, which is 
provided to convert linear light to circular light, converts 
the ordinary ray L10 end the extraordinary ray X.20 to 
circular ray L10» and circular ray L20' respectively with 
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their phaoeo offset from each other by 90*. Since a 
birefringent plate hoe aa effect ©a circular light that io 
similar to ito effect on natural light under normal 
circumstances, the circular ray L10« and tho circular ray 
i2 0» that have entered the second birefringoat plate Id are 
respectively divided into aa ordinary ray 1.11 and aa 
extraordinary ray L12 having intensities equal to each 
other, and into an ordinary ray 1.21 and aa extraordinary ray 
1,22 having intensities equal to each other. The direction 
in which the extraordinary ray L12 io ohifted relative to 
the ordinary ray Lll and the direction in which the 
extraordinary ray L22 is shifted relative to the ordinary 
ray L21 both constitute a second direction extending 
perpendicular to the first direction diacuoood earlier (the 
vertical direction in the figure) . 

Thus, the photographic light ray & that is originally a: 
single light flux io first separated into the ordinary ray 
1,10 and the extraordinary ray 1.20 at the first birofringent 
plate la, and then after they are converted to circular 
light fluxeo at the phase plat® 1c by changing the 
vibrational planes of the light fluxes, they are separated 
iato four light fluxoD. i.e.. the ordinary rayo S.1X and X.21 
and the extraordinary rayo L12 and L22 at the second 
birefringeat plate Id. As a result, a quadruple imago is 
formed on an imaging plane 15a of an imaging devico 15. 
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Sine© th© first and second biref ringent plate la and Id are 
combined by assuring that tho directions in which image© are 
shifted as a result of the birefringence achieved by tho two 
birofringont plates are offset fro® each other by 90* as 
explained earlier, the quadruple imago on the imaging plane 
15a constitutoo a noar squsiro snap© with the individual 
points achieving equal iatonoity. When the distance between 
tho individual points, which corresponds to the length of 
one side of tho square shape, is referred to ao a separating 
distance d, the separating distance d is calculated through 
the following equation <2£) 
d ° t<ne 3 - no 3 ) / <2n© ss no) «- <2S) 
with 

t: birof ringent plate thickness 

ne: extraordinary ray refractive index 

no: ordinary ray refractive iadoss 

The optical filter 1 according to the present inveatioa 
is conotitutod of the first birefringent plato la. the X& 
blocking filter lb, tho phase plat© le and the oocoad 
birefringent plate 13. While the phase pl©te lc io provided 
between the first birefringent plate la and the second 
birefringent plat© Id in the structures, tbo pooitioa 6g tho 
... IR blocking filter IS may be oot freoly. Ia other* werdo, 
tho IR blocking filter lb may bo provided between the first 
birefringent plate la and the phaao plat© 1c, as illustrated 



ia FIQ. 1, or it may be provided betweea the phase plate le 
aad the second birefringeat plats Id. Alternatively, the Xa 
blocfciag filtor lb may be providod bstweea a takiag lams 30 
aad th© first birofriageat plate la. or betweea the oocoad 
5 birafringoat plate Id aad the imagiag plaaa 15a. 

Moat, the materialo that may be employed to coastitttto 
the first birofriageat plate la aad the secoad birefriageafe 
Plata Id constituting the optical filter 1 according to the 
present invention are explained. Apart fross quarts, litaiu® 
10 aiobata (LiHb0 3 ) is a Bubstaace known as having a 

birefringeat e£2ect. while lithium aiobata ia employed to 
constitute a surface acoustic wave filter ia communication 
devices by taking advantage of ito property whereby it 
becomes distorted whoa a voltage is applied aad is aloo 
15 employed to constitute a light guide 2or laser light by 
taking advaatago of its properties of having a higto 
refractive index aad beiag transpareat. there ar© almost; ao 
examples in which its birofriageat e£2eet io utilised. 
However. I.iwb0 3 . which achieves a refractive iadax ae ° 
20 2.223© 2©S" oxtraordiaary ray of light having a wavelengtto of 
550na and a refractive index no =» 2.3132 for ordinary ray 
at a temperature of 2S°C with a larger difference botweoa 
the extraordinary ray refractive iadex and the ordiaary ray 
refractive index compared to that of quarts will realise a 
25 larger separating distaace d compared to that of quarts at 



30 - 



thm «.» thickness. when ito property of cauaing 
birefringence ia utilises is an optical filter. Pos 
instance, ia order to achieve a separating distance d o£ 
12im. "t" is calculated to be 0.3ma using equation (2S> aad 
the valuQO of the refractive inde* ne and tho refractive 
inde* no givea above. This amounts to only ISO of 2.04s™ 
required when quart* ia used to constitute the birefringeat 
plates. 

PI©. 3 illuotratoo aa example ia which the optical 
filter 1 having its birefringoat plates constituted of 
t,iWb0 3 according to the present inventioa is mounted ia a 
single lens.refle* type digital still camera (DSC) It is 
to be noted that the figure ahowo a longitudinal sectional 
view illustrating the structure ©2 the DSC. 

la the DSC la FIG. 3. a mount 11 for mounting aa 
interchangeable taking lens 20 (see na. 3) is provided at 
ito front portion (on the left side ia tho figure) . 
However. PS©. 3 illustrate* a atate in «hich tho taking leas 
l8 ramoved. Subject light x. that has beea transmitted 
through the taking lens 20 &• separated into transmitted ray 
tl for autofocua (AP) and reflected ray Id for viewfindes 
monitoring by a a ami transparent guiek return mirror 12. 
Whea the quick retura mirror 12 ia lowered, i.e.. ia a 
viewfinder monitoring state, the transmitted ray Li ia 
roflected downward in FIG. 3 by a oub mirror 13 provided ao 
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part of the quick return mirror 12 to enter a TT£ foeuo 
detection device 14 provided at tho bottom of the mirror 
box. The TTfc focus detection device receives tho impinging 
light through the taking lens r and detecto the focal poiat 
of the taking lens. The reflected ray L2. oa th<s> other 
hand, forms an image of the subject on a focal piano 21a of 
a viewing ©croon 21 provided at a pooition that is conjugate 
with the position of the plane of the imaging device IS (to 
be detailed later) and this imago ia enlarged by aa ocular 
23 via a penta-prisEn 22 to be moniterod. 

When a releaoo button (not Bhown) io pressed, the quick 
return mirror 12 ia caused to owing upward around ito pivot 
portion 12a together with the sub mirror 13. to recede to 
the position indicated by the 2-point chain line 12* in the 
figure. This allows the subject light L that b&o been 
transmitted through the taking lens 2 0 to travel toward tho 
imaging plane 15a (to b© detailed later). 

An imaging device package 16 is provided &fe tho rear 
portion of the DSC (on the right oido in the figure) . The 
imaging dovico package IS is provided with the imaging 
device 15 and a seal glass 2 that cover© the front ofi tho 
imaging plane 15© of the imaging device 15 o Tho optical 
filter 1 according to the present invention is provided in 
close proximity to the front surface o2 tho seal gl&so 2. 
The imaeing device package 16 is held by a bracket 17. The 
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brack©*. 17 io oecurad to the camera main body 19 s?itb Bcre^o 
18. The brackot 17 suad the ourfac® of th© caaoya main bofiy 
19 at which the bracket 17 ic mounted aro machiaod t7ith a 
higk dogreo of accuracy bo that the imaging plaaG 15a of th© 
imaging devica package 16 its positioned with a high dogro© 
of optical * accuracy • 

A shutter unit 3 is provided betwean the optical filter 
1 and th© Quick return mirror 12 to block light during &a 
imaging oignal read operation (signal brigado oporatioa) at 
th® imaging devico IS. FIG. 3 illustratao a ©tato during a 
signal read follc^ii&g oxposur©, with a light blocking scr<a©a 
3a closed. Tho shutter unit 3 is formed in oucSi a aaaae? 
that it open© ito light blocking ocroon 3a at ©. otas>t of 
imaging device exposure to allow the subjoct light X* to 
reach the imaging plane 15a. 

To ©xplaia tho tbickneoQ of tho optical filter 1 by 
referring to P2@. 1 again, th© total of tho thickaeoooo of 
the four plat®-lik© optical elasonto la, !fe 0 1c aa<a IS 
constituting tho optical filtor 1 undar norsaai circumstaacoo 
will bo - 1.9®m since the thickness of both tho first 

end second biref ringent plates la and Id constituted of 
LiWbOj is 0.3s® 0 the thicknosa of the phas© plate l<e 
constituted of quarts or th© like .io approximately O.Ssra and 
tho thicknesQ of the XR blocking filtor lb io appressisaatQly 
0.5 - 0.8mm *rith the pixel pitch at tho imaging devic© IS 
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Bot at 12fi® # for instanc©. Even t?bon tho total thickaeoo ig 
at it© largoot at 1.9ms, it only amounts to 35$ of the total 
thickneae 5 . 3 8^ of an optical filter having its first and 
second biref rlngent plates la and lb constituted of quarts, 
5 to achieve a great advantages in spaco saving. 2a 

particular, sine© only a limited degreo of freedom in d®sign 
is allowed ia regard to tb© position of tb® imaging devico 
15/ whose imaging plan© 15a must be provided at tho image 
forming plan© of tb© taking lono. 30 and, as o reouit. tb® 
10 spac© available for providing the ohuttor unit 3 and tbe 
optical filter 1 becomes limited, the advantage of spac© 
saving thus achieved in comparison t?ith tb© space required 
t*h©n th© f irsit birofringent plate la and tb© second 
birofringent plate Id aro constituted o£ quarts i© 
15 significant. Most single leao roflox cameras ia recant 

yeara aro providod rrith an autofocuo adjustment mechani©©, 
with tb© sub mirror 13 provided at the rear of thQ quids 
return mirror 12. Tbu©, thcro is no largo s^&eo botuooa fchG 
rear end of tb© sub mirror 13 and tb© sbutt©r uait. 3 or 
20 between tbo roar surface of the ohutter unit 3 and tb© lono 
imago foraiag plan© and, aa a result, it is extremely 
difficult to mount an optical filter bavin© a- largo 
thickaeso o2 S.38Basa in a conventional silver halido 
camera structure. 
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However, the optical filter 1 according to the preocant 
invention doocribed abovQ, wbieh oaves spaco, coa bo aouatod 
in such a otructur®. Thuo f while basically atill utilising 
tfco conventional silver halide type oinglo leao reflex 
5 camera structure, a DSC employing an imaging device having a 
large imago pUae with a pistol pitch exceeding 10qi@ can b© 
realised. 

It is to bo noted that while LiHbOa constituting the 
firot and second birefringeat plate® ia and Id in tho 

10 present iavontion bias a cleaving property, tfcio shortcoming 
can be sufficiently compensated by bonding thea together 
witfo tho phase plato 1c and tho like to achieve an 
Integrated unit. 

In the optical filter 1 structured ae described above, 

IS am optical rotatory plate for rotating the plnae o2 

polarizatiea of light by 65 * may be employed ia placo o2 tb© 
phase plate 1c. Examples in which oa optical rotatory plato 
io uood in an optical filter ia tho prios? art provided *?ith 
birefriagont plateo constituted o£ Quarts include that 

30 disclosed ia Japanese Examined Patent Publication Ho* 
203l€ mentioned earlier. According to tho preoont 
invention, advantages similar to thooo achieved whoa tfc*e 
phase plate le explained earlier is employed can bo realised 
by adopting a structure ia which auefc an optical rotatory 

25 plate is used in combination with the first and oecoad 
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birefringent plates la and Id constituted of LiHb0 3 . Thio 
allows for a greater degree of freedom in regard t© tho 
structural features other than the first and second 
birefringent plateo la and Id. Furthermore, it goes without 
saying that an optical element other than the phases plat© 1c 
or the optical rotatory plate may be employed ao long as it 
provides an effect equivalent to that achieved by the phaoo 
plato 1c and the optical rotatory plate. 

FIG. 4 presents a graph illuotrating tbo relationship 
between the pixel pitch at the imaging device 15 and the 
thickness of the optical filter 1 achieved in a structure 
having its first and second birefringent plateo constituted 
of quarts and that achieved in a structure having its 2irot 
and second birefringent plateo constituted of LiNb0 3 . With 
the thicknesses of the members other than the birefringent 
plates la and Id. i.e., the thickness off the ISt blocking 
filter lb and tho thickness of the phase plate le set at 
O.Sma and O.Ssna respectively and the thieknooo o2 th© 
birefringent plates la and Id which is calculated through 
equation (36) indicated as t. the thickness o2 the 

entire optical filter is 1.1 -340p (p: pixel pitch ae tho 
imaging device) using quarts to constitute the birefringent 
plates whereas the thickness »t° of the entire optical 
filter using fciNb0 3 to constitute the birefringent plates is 
1.1 * 50.7p. As the pixel pitch °P D increases, the 
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difference between their thicknesses (see Ai and Aa in FIG. 
4) clearly becomes larger. For instance. Ai is 1.16mm vitfci 
* v * a t A2 is 4.$3ma with °p° at 16m® aafi. thus FIG. 4 

demoDBtratea that the larger the pixel pitch, the larger the 
space saving advantage achieved by constituting tho 
birefringent plates la and Id with LiNb<>3 . 

It is to be noted that since the refractive indesx of 
LiNb0 3 greatly differs from those of quarts and tho BK7 - 
equivalent glass constituting the IR blocking filter, 
internal reflection tends to occur mora readily at its 
boundary surfaces compared to a structure achieved by 
pasting together crystal plates. Since this internal 
reflection can be prevented by applying an anti - r®£ lection 
coating to the boundary surface, it is desirable that an 
anti -reflection coating b® applied at the boundary surface© 
where the plates are pasted together, as well as at the 
front surface as in a regular optical filter. 

whil® th© explanation ha© been given thus fas 1 ©a an 
example in which tho optical filter 1 is provided to the 
rear of tho shutter unit 3. now an example in which the 
position of the optical filter 1 is changed, is explained 
belpo in reference to PIG. 5. It is to bo notod that in 
FIG. 5, the same reference numbers • are assigned to members 
and the like with the same structural features and functions 
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as those illuotrated ia FIG . 3 to preeludo the necessity of 
a repeated oxplaaatioa thoreof . 

A® illustratod in FIG . 5, a thin optical filter a. 
employing LiHb0 3 may provided at the froat ourfac© of the 
quick return mirro? 12 in a single lens refless typo DSC. In 
this caoo, while the optical filter 1 is still positioned 
within the optical path (the photographic light flux L») o£ 
the taking lens achieving a similar optieal offoct ia a. 
photographing state ^ith the quick return mirror raiood 
(indicated by tfto 2-point chain line ia the figure) , the 
optical filter 1 is present in both the vie**fiad©r 
monitoring optical path and the AF detection optical pat& ia 
a vievfinder monitoring state with the quick rotura mirror 
12 lowered (indicated by tho solid line and tha figur©) • 
Thio io. strictly speaking, not desirable since the e£2eet 
of the image separation at the optical filters' 1 affects the 
viewfinder image and thQ AF detection accuracy. Honevor, 
even when there is hardly any gap between the shut&a^ unit 3 
and the imaging device 15 and the optical filter cannot be 
positioned between the shutter uait 3 and the imaging devieo 
15 even with the space Baving effect achieved through the 
use of LiNb03, th<S optical filter can be mounted botweea a 
locus 12s at the front end of the quick retura mirror 12 
during its operation and a trailing end LB o£ tho taking 
lens by reducing the radius of the locus 12o at the front 
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end of the quick return mirror 12 compared to that in a 
single lens reflex typo camera using the 135 -typo 
photographic film. I£ thQ sis© of the imaging fiovica is 
smaller (e.g.. the APS else) than the image plaae sise of 
5 the 135- typo photographic film, the size of the quick return 
mirror 12 caa hQ also reduced correspondingly compared to 
the size of the quick return mirror in a camaya that employ© 
the 135 -type photographic film. Thus, the space for 
accommodating tho thin optical filter 1 constituted by using 

10 LiNb0 3 is assured by the reduced radius o£ tho locus 12 s at 
the front end of the quick return mirror 12. 

while the oxplanation has been given thus far on an 
example in which both the first and second birofringent 
plates la and Id in the optical filter 1 are constituted of 

25 LiNb0 3 , a corresponding degree of space saving effect caa b® 
achieved by forming one of the two birefriagoat plate© la 
and lb with LiWb0 3 and forming tho other bire£riagoat plat© 
with, fox- iastanc®, quarts. In other words, the technical 
scope of the preoent invention includes a structure achieved 

30 by constituting only one of the two birefringeat plate© la 

and Id with LiNb0 3 , as well as a structure which is achieves 
by constituting both the birofringent plate© 1© and Id t*ith 
LiNb0 3 . 
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— Improvement in the Optical PerioraaaeQ Achieved by 
Reducing th® Total Thicknoss of the Optical Filter — 

Ac explained above, by constituting at least eithes* th® 
first or second biref ringeat plat® la ox Id ia th® optic©! 
5 filter 1 with 3JiNb0 3 , th® total thickness of the optical 
filter 1 can bo reduced. In addition to th® advaatag® 
explained earlier, the optical filter 1 according to tho 
present invention achieves an advantage of reducing the 
focus misalignment occurring in the direction of tho optical 

10 axis betuooa the central area of th® ia&ga plan® and the 
periphery of th® image plane as explained belos*. 

FIG. & schematically illustrateo th© structuro in which 
the optical filter 1 is provided between tho taking leno 20 
and the imaging device 15 inside* th® single lens reflex typo 

15 DSC illustrated in FIG. 3 or FIG. 5. It is to be noted that 
the illustration of the IS blocking filter lb is oaitted in 
FIG. S. In the optical filter 1 in FIG. 6, tho thicknes© of 
th® first birefringont plate la and th® thickneoo of th® 
second birefringeafc plat® Id are equal to each other at fcl . 

20 The thickness of the phas® plat® 1c is t2 . la add&tioa, th® 
refractive index of the first bircfricgeat plate la end the 
second birefringent plate Id is nl, whereao th® refractive 
index of th® phas® plate is n2 . A CCD, a HQS typo image 
sensor or the like is employed to constitute th© imaging 

25 device 15. 
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Not?, a general principle is discussed in regard to t)ie 
total thicknooo of an optical filter in reference to a 
comparison o2 an optical filter used in combination with an 
imaging device having a 2/3° image area ois® aad 
5 approximately 1.3 million pixels and aa optical filter usod 
in combination with an imaging device having a X5.5sra 2 
22.8mm image aroa size and approximately 2 million pi^ols. 
Than, optical problems occurring aa a result of an increase 
in the thickness of the optical filter are explained. 

10 At an imaging device having imago plane size o£ 

approximately 2/3° and approximately X.3 million pixelo, th® 
pixel pitch will be approximately 6.6um. The thickness ° t° 
required to achieve a separating distance for th© imago 
corresponding to this level of pixel pitch by using quarts, 

IS the most common material , to constitute the birefringent 

plates is calculated as follows. Quarts ha© the following 
refractive indices for light having a wavelength of 58$ras&. 
ne ° 1.5533(5 
no ° 1.54425 

20 The thickness °t° for each birefringent pl&fee is 

calculated to be approximately 1.12mm by performing the 
reverse calculation using aquation ■ (26) with d set at S . 6 \±m . 
As already explained, since the thickness of the phase plat® 
needs to be approximately 0.5mm regardless of what the 

25 separating distance is, the thickness of the optical filter 
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constituted by pasting together the throe plates in this 
caao will be approximately 2.74mm. 

wow. an imaging device having an imago area of 
approximately IS. 5mm X 23.8ms and having approximately 2 
million pixelo. which is comparable to the C-typo in the 
1X240 system will have a pixel pitch of approximately 
13.2pm. The thickneso °t° re<juired for achieving a 
eeparating distance for tho image corresponding to the pixel 
pitch of 13 . 2 (is whon constituting the birefringeat plates 
with quarts, as in the example featuring the 2/3° imaging 
device, io calculated to be -t- - 2.25mm by performing 
reverse calculation using equatioa (26) with d set at 
I3.2um. The total thickness of the optical filter io 
calculated to bo approximately Stnoi by adding the thickneso 
of the two birefringont plates and the thickneso 0.5mm of 
the phase plate, which shows an approximately 83* increaoe 
over the thickneso of the optical filter having a pixel 
pitch of S.6^a. When the thickness O.Smsa of tho XS blockiag 
filter is added, the optical filter supporting the pixel 
pitch of I3.2»im will have a large thickneso of S.5ssa adding 
together the thicknesses of the four elements including that 
o£ the SR blocking filter. 

The reason for focuo misalignment occurring in the 
direction of the optical axis between the central area of 
the image plane and the periphery of the imago plane as tho 
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thickneo® of the optical filter increases in thi© manner is 
explained in reference to FIG. 7. 

?o? tho purpose of simplifying the explanation, it is 
assumed that an optical filter OF having a total thicknoos 
°t" which i® provided between the taking lens 20 and th© 
imaging device 15 has a uniform refractive index n. By 
providing the optical filter OF between the taking lens 2 0 
and the imaging device 15, the air equivalent optical path 
length between the lens 2 0 and the imaging piano iSa of the 
imaging device 15 changes as expresood in the following 
equation (27) relative to a structure with no optical filter 
OF present. 



A 1 - t x 1 ] — ( 2 7 ) 



The chango quantity &1 ia th© air ©quivaloat optical 
path length expressed through equation (27) relatoo to a 

20 beam o2 light advancing on the optical axis &x of the taking 
lens 20 a*d is achieved only when th© light flux enters the 
optical filter OF perpendicularly. The angle o2 incidenc® & 
of the light flux entering the filter OF after passing 
through the center °P° of the exit pupil Z> of the lena 20 is 

25 at ite largest when the light flux SR enters an off-axis 



- 43 - 



corner 15f of the imaging plane 15a of the imaging device 
15. With 01 representing the refractive anglo of tho light 
flux SR after it enters tho optical filter OP and 1*1 
representing the optical path length of tho light flux sa 
within the optical filter OP, the change quantity A3 of the 
air equivalent optical path length along the direction in 
which the light flux SR advances is calculated through tho 
following equation (28). Then, based upon equation (28) the 
change quantity A2 of the air equivalent optical path length 
in the direction of the optical axis i8 calculatod through 
the following equation. (29) . 

t 

A 3 = - 

cos 4> 

-t *(_L 

\ c o s 
A 2 = A 3 x c o s 



Equation (27) and equation (29) indicate that a 
differenc© Aa-Ax as expressed through the following 
equation (30) is formed in the change quantity of the air 
equivalent optical path length between the light fluss 
reaching th© center 15c of the imaging piano 15a of tho 



L 1 
n 



cos 0 



n x c o s 8 1 
— (28) 



- — - — ) 

•nxcos e 1 J 

(c o s # \ 
1 ... (2 9) 
nxcos 6 1 } 



4> ** t x 



44 - 



imaging device 15 and th© light flux reaching the diagonal 
corner ISf. This difference caueea a focus misalignment 
occurring between the imago plane center and the iaag® plane 
periphery, resulting in the imago forming plane oS the 
taking Ions 20 becoming non-planar. As a result, ao th© 
difference Aa-A* increases, the quality of imago at the 
periphery of the imago piano deteriorates, 

t / C O S 0 \ ^ 

A 2-A 1 « X 1 - — - (30) 

n \ cosfll/ 

AO equation (30) clearly indicates, since it eea ba 
assumod that 6 4> even in th© case of a light flux 
entering a diagonal corner 35a of the image plane ao long as 
tho angle of incidonco of the light flux at the optical 
filter OP is not excessively largo, th© difference Ag-Al 
can be considered to b® 0. 

Th© following tt?o conditions muot bo satisfied t® 
ensuro that the angle o£ incidence at the optical filter OP 
og a light flux entering a diagonal corner o2 an imag© pXaa<s 
dcea not become excessively large. Specifically, the first 
condition is that the distance (PO) betveea tho exit pupil L, 
of th® taking lens 20 and th© imaging plan© 15a i© large. 
The second condition is that the image area of th© imaging 
device 15 bo small, i.e., that the area of the imaging plan® 
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15a be small ^ith a email distance "A° achieved between thQ 
image plane contar 15c and the diagonal corner 15 2 of tfre 
imago plane. 

Since interchangeable lenses used ia a casior© employing 
the 135- type photographic film can b® often directly 
utilised in a single lens reflex type DSC, the lense© 
utilized in ouch a DSC may have a relatively short PO o2 
approximately 50mm. The difference A2-&1 explained above 
maniSeoting when the imaging siso of the imaging device is, 
for instance, 24saa X 16mm (aspect ratio; 3:2) and the pistel 
pitch is 13.2msa and a taking lens 20 with a PO of SOmsa is 
mounted, is nou calculated, 

When the thickness of the optical filto* OF i© assumed 
to be 5mm (the pixel pitch at 3.2|is&, includes the thickneea 
0.5ms* of tho phase plate) and "n« ° 1.54 (quarts), the image 
height at the imago plan© is calculated to bo 14.4bs® ^ifch 
tho angle of incidence 4> at tho optical filter OP at 16-1°. 
Based upon the lau of refraction, 9i is calculated t© feo 
10. 4', and based upon equation (30), the focus misalignsiont 
quantity 4 2 -A % at tho image plane ceatesr 15c and the 
diagonal corner 15f of the image plane id calculated to be 

approximately 75^©. 

When the results of the calculation performed above are 
compared with those achieved by an optical gilter employed 
in combination with an imaging device in tho 3/3* sis® <the 



image height 5 . 6mm at the corner, the pixel pitch at 6 . 6jin0 
described earlier and a lens with PO set at IOOsbb, 01 io 
calculated to be 2.1° based upon the angle of incidence 4> ° 
3,2°. Since the pixel pitch of the 2/3° siao imaging device 
is 6.6piBi and the thickneoo of the optical filtor OF (n ° 
1.56) io calculated to be approxima toly 2.7mHi (iaclude© the 
thickness of the phase plate) , the focuo misalignment 
quantity A2-A1 at the diagonal corner of the image plane la 
this caos is calculated to be approximately 1 - G^sa* which is 
only 2Q> of 75^a. 

How, when discussing the depth of focuo achieved by 
imaging with an imaging device, the setting of the allowable 
diameter of the circle of confusion which constitutes «l 
premise for the discussion, i.e., the setting of the 
allowable circlo of confusion diameter, is an issue to be 
addressed. There io a theory that the allowable circle ©g 
confusion diameter should be set to approximately 33jisa (° 
l/30©s0 with the 135-type (35e® full sis®) photographic 
film. At tho oamo time, while there are various theories in 
regard to bow the allowable circle of confusioa diametos- 
should be set when imaging is performed with an imaging 
device „ they all fall within a range o2 1 tima to 
approsimately 3 timeo the pixel pitch of tho imaging device. 
In this discussion we shall assume the allowables circle o£ 
confusion diameter is twice the pixel pitch. 
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Th© depth of focus is calculated as the product of 
eporuro value setting at the taking lens and the allowable 
circle of confusion diameter. Thus, the depth o£ foeuo 
achieved when tho aperture value setting at th® taking leas 
is and tho pixol pitch is 13.2m» io calculated to be 

2.© S 13- Spun 2 2° 74^im. In addition, the deptfe of focus 
achieved when the aperture value setting at the t&fciag lens 
is F 2.8 and the pixel pitch is 6.6jia io calculated to bo 
2-© X 2 2 » 3 6(4®, While a focus misalignment of 1.6*isa- 

relativo to the depth of focuo of 36mbi does not present any 
problera whatooovor, a focus misalignment of 7Spa relative to 
the depth of focus of 74m» poses a serious problosa. Even if 
the focal point matches perfectly without any error at th© 
center of the imago plan®, the focus misalignment 
attributable to the thickness of the optical filter OF 
already exceeds the depth of focus at th® corners o£ tbo 
image plane, and if w® also take into consideration error 
factors in regard to tho focal point matching at th® center 
of th® image plane (positioning adjustment accuracy at tn® 
imaging plan©, lens focusing error and tn© like) , thoro ^ill 
be no room for allowance for error factors left for the 
image at tho corners of th© image piano. 

FIG. 8 presents a graph illustrating th® rel&tionsftip 
between the angle of incidence of a light flux at an optical 
filter and tho focus misalignment quantity discussed above 
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vitb the thickness of the optical filter io ao a parameter. 
In the graph in FIG. 8, a curve 1 repreoenta the change in 
the focus misalignment quantity observed whea a relatively 
thick optical filter employing quartz birefringeafc plates is 
used to support an imaging device having a pixel pitch of 
13.2um, whoroas curve 2 represento change in the focus 
misalignment quantity observed when a relatively thin 
optical filter employing quartz birefringent platoa is used 
to support an imaging device having a pixel pitch of S.6ps». 
Point °T° indicates the results achieved vhexa PO ° 50mm # the 
pixel pitch is 13.2pm and the image height at the comer is 
14.4sub # whereas point -S" indicates the results achieved 
when PO ° lOOma, the pixel pitch is S.Sfia aa<& tho imago 
height at the corner io 5.6mm. 

whoa tho imaging device having a pixel pitch of 6 . 6m® 
is enlarged to achieve the dimensions 26mm £ X6ra«a, the focus 
misalignment quantity at the corners of the image plane 
increase diagonally upward to tho right along the curve 2 
from tho point °s° to reach the value indicated by point 
°S1° with tho angle of incidence at 16.1°. However, in a 
larger imaging device, the pixel pitch is aloe set larger in 
consideration of the comparative merits achieved by an 
increase in the number of pixels relative to tho production 
yield and also in order to improve the sensitivity- As a 



result, the thickness of the optical filter constituted by 
using quartz must be increased in correspondonce. 

Dug to this increase in th© thickness of the optical 
filter, the focus misalignment quantity further increases 
5 upward from tho point °S1° on tho curve 2 until the focus 
misalignment quantity is at the point T on the curve 1 in 
the case of th© imaging device having a pixel pitch of 
13.2jisu Tho focus misalignment quantity at tfcG corners of 
th© image plane increases markedly ia an imaging device 

10 having a large image area in this manner, einco the increase 
in the angle of incidence at the filter of light entering 
th© corners of the image plane at the filter and the 
increaoo in th© pixel pitch resulting in an increas® in the 
filter thickness are factors which together introduce a 

15 greater effect thaa any one of thesa alono. 

FXO. 9 presents a graph similar to that presented ia 
PIG . 8. Xa FIG. 9, a curve representing the chango ia the 
focus misalignment quantity observed when an optical filter 
employing quartz birefringent plate© io used to support an 

20 imaging device having a pixel pitch of 13.2ms and a cusrva 
representing the change in focus misalignment quantity 
observed when. an optical fil tor employing quarts 
birefringent plates is used to eupport an imaging device 
having a pixel pitch of 9m& are presented. 
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Nov, lot us assuae that the allowable value for the 
£ocuo misalignment deacribefl above is 1/3 o£ tho depth of 
focus- when the aperture value sotting at the taking lens 
is at P 2.8, tho depth of focus io calculated a© 2.8 X pixel 
pitch X 2. Using the pixel pitch, the allowable value for 
tho focus misalignment is expressed as 2.8 X pixel pitch X 
2 + 3 ° 1.9 X pixel pitch. FXG. 9 indicates that, tho 1.9 X 
pixel pitch focus misalignment (25.1pm with a pixel pitch of 
13.2pm and 17. Ipsa «ith a pixel pitch of 9pm) occurs whea tho 
angle o2 incidence is approximately 9.5° . . 2t i© indicated 
that since TAS3 9 * - 0 .158, a filter that takes into 
consideration the focuo misalignment occurring at the 
corners of tho image plane when thore is a possible 
combination of °PO° and the image height at the corner "A" 
that results in TA23 <f> exceeding TAH <t> ° A/PO ^ 0.15 must 
be achieved. 

NotJ, an explanation is given in regard to ho*? tho focus 
misalignment described above is reduced by employing the 
optical filter 1 in the embodiment of the prosoat inventioa, 
again ia reference to FXO. 6. ad illustrated ia HG. 6, the 
light flux SR travels through tho center of the exit pupil L 
of the taking lens -20 to enter the corner 152 along tho 
diagonal of the imaging plane 15a, and 0 1 represent© th© 
refractive angle of the light flux SR after it entero the 
first birefringont plate la (since the first birefringont 



plats la an 6 the second birefringent plat© Id have the same 
refractive index, the refractive angle of the light flust SR 
aft®? it enters the second birefringent plate Id, too. is 
referred to qs 01). Likewise, the refractive angle of fche 
light flus SR after it Gators the phase plato lc is 
indicated as 9 2 . In addition, al represents fcho refractive 
index of the first birefringent plate la and the seeoad 
birefringent plate Id, and n2 represents the refractive 
index of tho phase plate le. 

Based upoa equation (30) , the individual focus 
misalignment quantitieo at the corners of the image plaia 
occurring ao a result of the light being transmitted through 
the first birefringent plate la, the pfcas© plato lc and the 
second birefringent plato Id. are calculated, with the focus 
misalignment quantities corresponding to the birefringent 
plates la and Id calculated by using the following equation 
(31) and the focus misalignment quantity corresponding to 
the phaoo plat© lc calculated by using the following 
equation (32) respectively. The focus misalignment quantity 
A© occurring at the corners of the imago plane attributable 
to the entire optical filter 1 is the total of the 
individual focus misalignment quantitieo. which may be 
calculated through the following equation (33). 
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tl / c o s 4> \ 

•focus misal ignstsnt quantity A r = X I 1 — J (31) 

(biref ringent plato) nl \ cos ^ 1/ 

t 2 / C O s 0 \ 

focus misal ignmem quantity &p= — X I 1 — — J —(33) 

(phase plat®) n 2 \ cos 5 2/ 

Aa=2xAr+Ap — (S3) 

The coacopt of the allotranca for tho focus sisolig^KnQDt 
cjuantity at the corners of the imago plaae I® explained 
again. At the focus position at tho csator of the imago 
piano ( ° on tha Ion© optical axio) , there ha almost alt?©yo a 

10 focuBing error (thQ range finding error and the leao otoj? 
position accuracy error attributable to autofocuo, 
focusing error in manual range finding) . and it is aloo 
difficult to achieve zero error for the mechanical accuracy 
with reopQct to the image plane position of the camera 

15 itsolf . Thus, those otto^s muot be ultimately covered with 
the depth of focus at tho image piano ( ° product o2 tho 
aperture value setting at tho taking Ions and the allowable 
circle of confuoion diameter) . hm a result, tho allowable 
value for the focus misalignment quantity cannot b® set 

20 equal to thQ deptfc of focuo, and it must be onourod thafc tke 
allowable value for the focus misalignment quantity must be 
set equal to or leao than a facto? S. (K < 1) of the deptfc 
of focus. By taking into conoiders tion tho deviation factor 
of the focusing accuracy described above at thQ center of 

25 the image plane, a value that is approximately 1/4 - 1/3 
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(0.25 ^ K S 0.35) of the deptb of focus may be regarded as 
roasonablo . 

At the same timo. since there are various theories in 
regard to the length off the allowable circle off coaffuoioa 
diameter relative to tho pixel pitch at the imaging plane off 
an imaging device, all of which fall within the range off 
approximately 1-3 times the pixel pitch, as explained 
earlier, the allowable circle of confusion diamotor is 
expressed as B X <a (1 ^ B ^ 3,ds pixel pitch). 

with Pno representing tho aperture value ootting at the 
taking lens 20, tho relationship deocribed above is 
numerically expressed through equation (3<a) . 

nl \ cos 61 J n2 \ cos 62 J 

£ KxBxdxFno — (34) 
( 0 . 26s KaO. 35 . 1 £ B £ 3 ) 



By fixing the distance from the exit pupil I» off the 
20 taking lens 20 to the imaging plane 15a and the ima©e area 
>ff the Imaging device 15 at constant values and by 
,tituting the phase plate with a speeiffic material to o 
specific thickneoo (e.g.. using quarts which is a cossoa 
material for this application, to achieve a thickneoo off 
25 approximately 0.5mm), constants, i.e.. n2 = 1.54. «3 - 10.4 



15 



size os 
const 
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and t2 °0.5, are achieved. In addition, sinca <t> , too, 
achieves a constant value, the second term in tho left side 
member of equation (34) hocomeo a constant. Thuo. 01 can be 
expressed as a function of nl 00 that equatioa U4> is r<a- 
expressed with the following equation (35) - 

tl £ C X — : — (3 5) 

y (n 1 ) 

with 

c O S 0 

Y (nl) =1 (86) 

C O 9 8 1 

C- T x|KxBxdxPno- ^-__jx — r J 

= const. ••• (37) 

sin 91= — C3 8; 

n 1 

/ s * n * \ ,* ox. 

/n 1 x s i n *\ . 
5 2 = s i n-» (- — 1 (4 0) 

Kou, let us consider a esse in which tho imago height 
is 14.4hhb (a diagonal of 24mm X I6mm>, the air e<juival8nt 
optical path length irom tho imago plan© to the ostit pupil 
o2 the lend io 50msa. E • fl.3, B ■ >, 4 • 12Mm and Fno = 2.8. 
y(nl) and C are calculated using tho following equations 
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(41) and (43) with tha angle of the incidence <t> at the 
filter ae 16.1* aafi 6*2 at 10.4 ". 




C = 0. 006318 — (4 2) 

By rendering in a graph the relationship expressed in 
elation (35) with these values incorporated, the horizontal 
axis representing nl and the vertical axis representing tl . 
a curve 6 in FIG. 10 is achieved. The combination of tl and 
nl that satisfies the inequality expressed in equatioa (35) 
is present in the range that is lower than the curve © in 
PSO. 10. By making an appropriate selection for th<a 
material to constitute the first birefringent plate la and 
the second birefringent plate Id to ensure that the 
combination of the refractive index nl and the thickness tl 
described abovo is achicvod. the focus misalignment quantity 
at the comers of tho imago plane is set to be equal to or 
lover than a specific value (the allowable value set by 
selecting the valueo for B and K) . For instance, let ua 
consider a case in which quartz is .used to constitute the 
first birefringent plate la and the second birefringent 
plate id. tiq representing the thickness achieved by 



constituting the first birefringent plate la and the second 
birefringent plate Id of quarti ia calculated to be fclq ° 
2.04ma by performing reverso calculation using equation <2S) 
with d = 12um. Since the refractive index nlq of quartz is* 
1.54, the coordinates (nlq. tlq) in the graph in PIG. 10 
correspond to the position of point 6. thereby demonstrating 
that the focus misalignment quantity at the corners of the 
image plane ia not eet to be equal to or less than the 
allocable value. 

How. let us consider a cane in which lithium niobaee 
(LiNb0 3 ), which ia known as a material having a birefringent 
effect comparable to that achieved by quarts, io used to 
constitute the first birefringent plate la and the second 
birefringent plate Id. The eatraerdinary ray refractive 
index ne and the ordinary ray refractive indest no of lithium 
niobate are ae = 2.2238 and no ° 2.3132 (<= nib) 
respectively. tlb representing the thickness of the 
birefringent plates la and Id with lithium niobato ie> 
calculated to be tlb ■= 0.3mm by incorporating d ° 12(as and 
tho valu© of no and no above in equation (26) . 

The position of the coordinates (nib. tlb) is indicated 
at point MB in the graph in PIG . 10 ... The point MB is 
located in the range lowor than tho curve 6, demonstrating 
that the focus misalignment easily stays within the 
allowable value. 
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Next, FIG. 11 preooatfi a graph with K° 0.25 and B » 1.5 
adopting more rigorous criteria for evaluation. By these 
criteria for evaluation, tho point KB achieved by using 
lithium niobate to constitute the birefringent plate© la and 
Id io located in the range above the curve G f , and the focus 
misalignment quantity is no longer equal to or less than the 
allowable value. It is understood that in this caoe. a 
focus misalignment quantity equal to or less than the 
allowable value is achieved by using Chilean aitrat® <NaN0 3 , 
ne - 1.34, no ° 1.60} indicated by a point or rutilo 
(Ti0 3 , no * 2.9. no - 2. Si) indicated by a point ?I in FXG . 
11 to constitute tho birefringent plates la and Id. 

The level of rigor for tho evaluation criteria is set 
depending upon the selected values for K and B, the F -number 
and the position of the exit pupil of a taking Ions that can 
bo mounted, and the required imago distance over wftiefc 
focusing should be assured. In a camera that does not allot? 
lens exchange, tho open F -number o£ the lens is naturally 
selected for the P-nusibor, whereas in an interchangeable 
lens type camera, the opon F- number of the leno achieving 
the brightest open F- number among lenses that may be mounted 
is selected for the _F- number, undo r normal circuastaacoo. 
The came principle applies to tho. position of the exit 
pupil. In addition, K and B are set within the setting 
ranges explained earlier, in reference to the overall target 
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performance level and the like of the electronic camera in 
which the optical filter is mounted. 

For instance. if a lens having an open F-number of 1.4, 
which is included among the lineup of interchangeable lenses 
that can be used is expected to be used, it is naturally 
necessary to sot the target performance corresponding to 
this open P- number. FIG. 12 presents the results of the 
evaluation (NB) obtained by using lithium niobate to 
constitute the first birefringent plate la aafl the second 
birefringent plate Id vita K ° 0.33. B ° 3 and Fno = 1.4. 

The explanation has been given thus far on an example 
in vhich the optical filter 1 according to the present 
invention is employed in combination with an imaging device 
constituted through a so-called square pixel array whereby 
the pixels at the imaging device IS are arrayed in the same 
array pitch ia both the longitudinal and the lateral 
directions. However, the imaging device IS is not 
necessarily retired to assume a square pixel array. If the 
imaging flevico IS does not assume a square pixel array, it 
is necessary to set different separating distances for the 
image effected by the two birefringent plates la and Id 
corresponding to the array pitches in the longitudinal and 
lateral directions. In such a capo, a method whereby the 
two birefringent plates having different thicknessee are 
25 constituted of the same material, a method whereby the two 
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birefringent plates are constituted of materials having 
different refractive indices to achieve the earn® thickness 
or a method whereby the two birefringent plates are formed 
to have different thicknesses and different refractive 
indices from each other, may be adopted. 

PIG- 13 illustrates an example in which a single 
material is used to constitute the two birefringent plates, 
formed to have different thicknesses. In FIG. 13 f with til 
and t!2 respectively representing the thicknesses ©£ a first 
birefringent plate lAa and a second birefringent plat® lAd 
constituting an optical filter 1A provided betweea the 
taking ioao 20 and an imaging device 15A P a conditional 
eolation corresponding to equation (35) is presented aa the 
following ©aviation (43) , 

n 1 

t l.l + tl-2 < Clx — (43) 

Y (nl) 

with 

cos 0 

Y (nl) = 1 (4 4) 

c o s • 6 1 



C 1 = 



/ c o s # \ t 

= KxBxdxFno- 1 * — 

\ cos 6 2] n 



2 

= const. —(45) 



8 i n 0 

sin 01= — (46) 

nl 



25 
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/ s i \ 
,,_,,„..(___] ...(47> 

/nl'X8in<\ 
^2 = 6 in- 1 I — M -(4 8) 



5 When the tbicknesoeo of the two birefringent plates are 

different, a graph corresponding to that is FIG. 20 i© drawn 
in a similar manner by using (nl, til + t!2) as a variable. 
The selected biref ringent material is evaluated at a point 
with the X coordinate value represented by its refractive 

ID index nl and the Y coordinate value represented by the total 
(til * tl2) of the thicknesses til and t!2 determined by the 
required image separating distances. 

An example constituted of two birefringent plates 
having different thicknesses and different refractive 

15 indices is illustrated in PIG . 14. With til and t!2. and 
nil and n!2 respectively representing the thicknesses and 
the refractive indices of a first birefringent plato IB© and 
a second birefringent plate lBd constituting aa optie©3, 
filter IB provided between the taking lens 20 and the 

2 0 imaging device 15 A in FIG. 14, a conditional equation 

corresponding to e<juation (35) 1b presented as the following 
equation (49) . 



25 



/ cos g \ t 1 1 + / cos g \ t 1 2 ^ 

\ 'cos 9 1/ X nil \ cos fl3/ n 1 2 



C 2 — (4 9 
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with 
C 2 



(c o s 4> \ t 
1 TT J x — 
cos 0 2/ n 



2 

const. •••(50) 



s i n 4> 

sin 0 1 = — - - (51) 

nil 



(5 2) 



/ s i n 4> \ 

(ttt-J 

/nlixsin 8l\ , c « N 

( n J " ( ' 

/ n2xsinS2 \ 



While the explanation has been given in reference to 
the embodiments above on an example in which the present 
invention is adopted in an optical filter for a DSC, the 
present invention may be adopted in oth©r types of cameras 
provided with a solid-state imaging device such as a video 
camera or in an optical apparatus such as an image seaaaesr 
or the li&e. 

While the explanation has been given above with reap©ct 
to the advantage o£ reducing the degree of focus 
misalignment occurring in the direction of tho optica* a*±a 
betveea tho central aroa of the image plane and the 
periphery of the image plane by reducing the thickneao of 
the optical filter in reference to aa ©xampl® in which only 
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th® optical filter io provided between the taking lens 20 
and the iaoging devico 15, an infrared blocking filter may 
be provided together with the optical filter. It is obvious 
that the focus mi s alignment attributable to the thickness of 
tho infrared blocking filter muat also be taken into 
consideretioa in this case. 

In addition, in the expiration given above, th© first 
birefringent plat© la and the second birefringent plate Id 
constituting tho optical filter 1 utilized in combination 
t7ith the imaging device 15 having tho square pixel array 
illustrated in FIG. 6 have the same thicknooo tl and th© 
same refractivo index nX. However, the present invention is 
not restricted to this example. Wamoly, th® separating 
distance achieved when an incident light flux io separated 
into two spatially separate light fluses by one birefriagont 
plat® is determined by the product of tho thickness anfi the 
refractive index of the birefringent plate an<3 thus, two 
birefringent plates having different thicknesseo aa€ 
refractive indices may be adopted in combination in aa 
imaging device having a otjuaro pixel array. Furthermore, 
th© relativ© angle of the directiono in which the light i© 
aeparated by the first and second birefringent plat©© is not 
restricted to 90°, and various aagleo may bo s©t including 
30 *, 45 a , 60* and so forth, depending upon th® separation 
pattern to be achieved. 
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- Prevention of Shadowo of poroign Matter Cast onto Input 
Image — 

PIG. IS schematically illustrates an eoooati&l portion 
of an interchangeable lens type single len® refless typo DSC 
in which the present invention is adopted (bearsaf te?, an 
interchangeable leao type single loao reflex DSC its simply 
referred to as a "camera"). A taking leao 20 which can be 
exchanged to suit particular purpose® of photographing io 
mounted at a camera main body 70. inside a mirror boss 72 of 
the camera main body 70, a mirror 12, a shuttor unit 3. an 
optieal filtos 1. en imaging device 15 and the lik<s are 
provided. A focusing screen 21 is provided above the mirror 
box 72 . 

The mirror 12 is automatically switched between a 
lowered state i.e., the state indicated by th© solid line in 
FIG. 15, and a raised state, i.e., the otato indicated by 
the 2 -point chain line in FIG. 15, in correspondent© to tbo 
operating state of the camera. The shutter unit 3 block© 
light during aa imaging oigaal road operation at.tho imaging 
devicQ 15 which is provided, together with the optical 
filter 1, to the rear of the shutter unit 3. Sinco tho 
optical filter 1 assumes a structure identical to that 
illustrated in FIG • 1, its explanation is omitted. 
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FIG. 16 is an enlargement of the area where tlx© optical 
filter 1 and the imaging device 15 are provided in the 
camera illustrated in FIG- 15. Tranoparont electrodes 38A 
and 38B constituted off a Mesa film or the lifce ayo 
5 respectively formed at the entry surface and the emit 

surface of the optical filter 1. A transparent electrode 
3BC constituted of a Mesa film or the like is also formed at 
the front surface of a seal glass 2 provided at the 
photosensitive surface of the imaging device 15. ?beoe 
10 transparent electrodes 38A - 38C aro connected to a 

conductive area of a casing 37 via a conductive connection 
portion 36a or 36b as detailed later. 

The optical filter 1 and the casing 37. the conductive 
connection portions between the transparent electrodes 38A 
15 and 38© formed at the front surface of the optical filter 1 
and the casing 37 are explained in reference to PIGS. 17A - 
17D, which illustrate these components in partial 
enlargements. In FIG. 17A, * through hole 36a i© borod at 
the optical filter 1. A conductive pin SI is inserted 
through the through hole 34a, and the pin 91 and th© 
transparent electrodes 38A and 38S are bonded by using a 
conductive adhesive 90 such as silver pao-to. Thio acfcievea 
an electrically continuous state, for the pin 91 and the 
transparent electrodes 38A and 38B. One end o2 a t?ire 92 is 
25 soldered onto the pin 91. vith another end of the ^ir® 92 
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soldered to the conductive area of the casing 37- It is to 
be opted that the vire 92 and tho conductiva area of the 
casing 37 may be connected with each othor by attaching a 
lug plate or the like (not shown) to the wiro 92 through 
soldering or crimping and securing the lug plato e? tho like 
to the caoiag 37 through screwing. Thus, th<a traaapsireat 
electrodes 38A and 38B are connected to the conductive area 
of the casing 37 so that their potentialo aro oot o<j\aal to 
the potential at tho conductive area. As described abevo. a 
conductive connection portion 3$o& ia tho example 
illustrated in FIG. 17A is constituted of tho conductive 
adhesive 90, tho pin 91 and the wire 92. 

The conductive connection portioa at which tho 
transparent electrodes 3 8A and 38B are connected with the 
conductive area of tho casing 37 may assume a structure 
illustrated ia FIG. 17B or FIG. 17C, inotoad. and the 
following iB an explanation of these structuroo. In FIG. 
17®, conductive members 94A and 9&B having & apsria© property 
are secured as tho conductivo aroa of the casing 37 ia a 
state that allows electrical continuity. A resilient 
restoring force imparted by the conductive meunbers 94A and 
94B presses tho transparent electrode 38A in contact against 
the conductive member 94 A and the transparent electrode 3 8B 
in contact against the conductive member 94© respectively. 
Thus, the transparent electrodes 38& and 38S aro both 



connected to the conductive area of the caoing 37 ^ith theis 
potentials set e<jual to that at the conductive ar®a. In 
other word©, in the example illustrated ia PXG. 17B, a 
conductivQ connection portion 3 6aB is constituted of th® 
conductive member© 94A and 94B. 

In FIG. 17C, the optical filtor 1 is held by a fraae 
body 95 having a conductive property, and tho transparent 
electrodoo 38A and 38B are in contact with the framo body 95 
in a state that allow© electrical continuity. Tbe fraae 
body 95 is retained at a fixing portioa 37a fona©«a at the 
conductive area of the casing 37 through tightening of 
screws 96. Thus, the transparent electrodes 38A and 383 are 
both connected to the conductive area of the casing 37 vith 
their potentials sot equal to that at the conductive aroa. 
In other word®, a conductive connection portion 3 6aC in the 
example presented in PIG. 17C is constituted of th© frame 
body 95, the screws 96 and the fixing portioa 37a. 

Now, in reference to FIG. 17D, th© conductive 
connection portioa 36b at ^hich the tranopareat electrode 
3©C formed afc the front surface of the seal glass 2 of the 
imaging device IS and the conductive area of tho casing 37 
are connected is explained. A conductive siesabos- 9dC having 
a spring property is secured at the bracket 17 holding the 
imaging device 15. with the conductive member 94C placed in 
contact with tho transparent electrode 38C. One end of a 
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wire 97 is soldered onto the conductivo member 94C, with 
another end of the uirQ 97 soldered onto th® conductive area 
o£ the eaoing 37. As in th® conductive connection portion 

illustrated in FIG. 17A, th© wire 97 and the casing 37" 
may be connected by attaching a lug platQ (not showa) to the 
*?ire 97 through soldering or crimping and by retaining the 
lug plate or th® like at the casing 37 through screwing- As 
explained above, tho conductive connection portion *36b in 
the ©Rampl® illustrated in PXO. 17© is constituted o2 the 
conductive aoBnb®r 94C and th® wire 97. 

in the earners structured as described above* tho mirror 
12 is in a lowered state aa illuotratod in 15 during a 

photographing preparation operation, i.e., whoa tho 
photographer is engaged in an operation related to framing 
(monitoring of a viewf indez image) , adjustment of the 
exposure valuo. focal point adjustment and tho liko. Thus, 
the image of the subject formed by the taking leao 20 is 
reflected upward by the airror 12 so that an imago caa be 
formed on th® focusing screen 21, Tho photograph®? monitor© 
tho oubjoct imago formed on the focuoiag screen 21 via a 
viewfinde? Ions system (not shown) . 

During a photographing operation, the aisr.ro? 12 swings 
upward and subsequently, after th® shutter uait 3 has been 
engaged in an open / close operation, the airro? 12 is 
lowered- Through this sequence of operations*, tho light 
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fro© the subject guided by the taking lens 20 ia transmitted 
through the optical filter 1 to ent®? the imaging dovice 15, 

Xa the ceaesra described abovo. tho tranoparoat 
electrodes 38A and 38B formed at the two ourfacoo of the 
optical filter 1 and the transparent electrode 3©C fonnod at 
tho front surface of the seal glass 2 at tho iaa^iag device 
15 aro all connected to tho conductive area of tho casing 37 
via the conductive connection portion 3 6a and tho conductive 
connection portion 3 6b reapectively . This preveafco the 
optical filter 1 and tho imaging dovico IS fro® bocosia^ 
electrically charged. A© a reoult, dust and lint ar© 
prevented from becoming adhered to the optical filter 1 and 
the seal glas© 2 located near the focal plan® of tho taking 
lens 1. 

Uou, a discharge may occur in a camera ia the prior art 
wbea ito optical Siltes? bocomoo electrically charged and the 
difference in the potential occurring betuooa thcs optical 
filter and the photoelectric conversion element iaearoaooQ to 
a certain degree. When such a discharge occurs, noise sa&y 
bo superimpoood on a signal output by the photoelQCtric 
•coavoroioa elemeat. In addition, depending upon th® extent 
of the discharge, the photoeloctric conversion elesiomt 
itself ©ay even be destroyed. la contrast, sine© tho 
optical filter 1 and the imaging device 15 are connected 
vith each other «ith their potentials set oqaal to each 
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other via th© conductive area of the casing 37 in the casiera 
in tbio embodiment , tbcro is no difference in the potential, 
thereby eliminating th© problem described above 

In the explanation given above in reference .to FIGS. 
15 , IS and llh - 17D, the transparent electrodes 38& and 38B 
formed at the two surfaces o£ tho optical filter 1 and the 
tranoparont electrode 3 8C formed at the front surface of the 
seal glaoo 2 aro both connected to the conductive area of 
the caning 37 in a continuouo otato. Tho camera thafc, io to 
be explained next differ® froa this 9tsructu?o ia that tho 
transparent eloctrodos 38A - 38C are connected with one 
another to achieve equal potentialo and that a voltage 
source io connected between the transparent electrodes 3 8A ~ 
38C and the conductive aroa of casing 37. Thus, tho 
explanation ia nov given mainly on those differences. Since 
the othe? otructural features are identical to those 
illustrated ia PIGS. 15. 16 and 17A - 17B, their explanation 
ia omitted. 

FIG. 18 is an enlargement sisaila? to that in FIG . IS, 
which illustrates the portion of the camera where the 
optical filter 1 and the imaging device 15 are provided. Ia 
FIG. 18* tho oasio reference nuxnbero are aeoigao^ to 
compenento identical to those illustrated ia FIGS • 16 and 
17A - 179 to preclude the necessity for an explanation 
thereof. tfhilo tho transparent electrode© 38& and 38B are 



connected to a terminal 50a of a voltago source SO via a 
conductive connection portion 3 6aA. tho transparent 
electroda 38C is connected to the terminal 50a of tho 
vol tags source 50 via a conductive connection portion 3 6b. 
A terminal SOb of the voltage source 50 ia connected to the 
conductive area of tho casing 37. It is to be noted that 
while the voltage source 50 is illuotratad as a DC source 
for purposes of achieving maximum convenience ia 
illuotration, with tho side on which the terminal 50b is 
present set to (♦). the present invention io not restricted 
to this example. specifically, the potential resulting from 
an electrical charge varies depending upon the material 
constituting the optical filter 1. and it io dosirabl® to 
adjust the polarity and the voltage at the voltage source 50 
to achieve tho maximum offoct in preventing an electrical 
charge in correspondence to the specific type off material 
used. 

in addition, tho voltage generated by the voltage 
source 50 may be an AC voltago instead off a DC voltage. zff 
an AC voltage io generated by the voltage source 50, its 
frequency should be set within the range off approximately 
several kHs to twenty HHs. 

By adopting the structure described above, the 
potential generated by the voltage source 50 io applied to 
the transparent electrodes 38A - 38C relative to tho casing 



37 to inhibit any electrical charge fro® occurring at the 
optical filter 1 and the imaging device 15. 

FIG. 19 is an enlargement similar to that ia FIG. 16, 
vhieh illustrates the portion o£ the camera where the 
optical filter 1 and the imaging device 15 are provided. In 
FXG. 19, the same reference* numbers are assigned to 
components identical to those illustratod ia FIGS. 16 and 
17& - 17D to preclude the necessity for aa estplaaatioa 
thereof. la addition, since the structural features other 
than that illuatrated in 19 are similar to thooo 

illustrated in FIG. 15 , their explanation is omitted. 

Wbea the movable membor3 such as a blades 3a and the 
like in the shutter unit 3 are constituted o2 aoa- conductive 
materials, static electricity may be generated by the 
movement of the movable members to result in an electrical 
charge occurring at th© shutter unit 3 aa& tho optical 
filter 1 provided near the shutter unit 3. ?b<£ structure 
illuotrated ia FIG. 19 achieves prevention of an electrical 
chare© from occurring at the shutter unit 3 and the optical 
filter 1 during the opera tioa eg tho shuttor unit 3. 

A baao plate 3b of th® shutter unit 3 io constituted of 
© conductive material such as aluminum, braso or plastic 
containing a carbon fiber. A lug plate (not ohova) . for 
instances, i® connected to on® end of a **ire 9© oo that the 
wire 98 is screwed onto the base plate 3b via the lug plato. 
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Thus, th® bas® plat© 3b and the wire 98 bacosa® electrically 
connected with eoch otbe?. &aotbor oad of tho uiro 9© 1© 
connoctod to a terminal 60a of a voltage oourco SO. mxil© 
the traaoparoat oloctrodoo 38A and 39B are coaaected to a 
terminal 60b of the vol tag© source SO via a coaduetivo 
conoGctioa portion 3 6©&, tho traaoparent electrode 3SC i© 
coaaected to th® t®r»iaal 60b of the voltage ©ourc® SO via a 
coaduetivo conaoction portion 36b- It is to be noted that 
as esrplaiaed earlier ia roforoaco to FIG. 1®, oeleetieao aro 
mado ia regard to the polarity of the voltago ©ourco SO, 
whether a DC voltage or an AC volta^o is to be generated, 
the frequeacy of the vol tag© if an . AC vol tag® is geaerated 
and the voltage level, to achieve aa optisial state for 
preveatiag the ohutter uait 3, th® optical filter 1 aaQ tb® 
imaging device 15 froa becoaiag oloctrically charged- 

©y adopting tho structure described abovo, static 
electricity ia prevented from being geaerated during tb® 
operatioa of the movable seaboro ia the shatter uait& 3, 

It io to be noted that while aoao of th® shuttas" unit 
3, the optical filter 1 and the imaging device IS i© 
connected to th® conductive area of the casing 37 ia FXG. 
19, the termiaal 60a or 60b of the .voltage oeurco 60 swasf be 
connected to th© conductive area of the eaoiag 37. For 
inetancOp by connecting th® terminal 60b to tho conductive 
area of tho caoing 37, static electricity that sway bo 
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generated at the optical filter 1 and the imaging devico 15 
can be supprcsood without having to generate a voltage with 

the voltage souree 60. 

Hoo< foreign matter tendo to enter the mirror bos 72 
(see PIG. IS) during a lens exchange or th<a like ia a single 
leno roflox type DSC which allows taking leao estehaago. 
Thus, it is desirable that tho inside of the mirror boa 72 
be cleaned on a regular baoio. During ouch a cleaning 
procooo. foreign matter that baa becoae adborod to tho 
optical filter 1 and tho like may not be reodily reaovee 
even with air blown by using a blowor or the liko. However, 
tho camora oscpleined above in reference to FX©. 19 
facilitates the cleaning procooo as explained below. 

In FIG. 19. a taking leno dotoction unit 101 for 
detecting whether or not the taking lens 20 (see FX©. IS) is 
attached, a cleaning mode sotting switch 102 for setting tho 
cleaning mode for the camera, a release switch 103, a mirror 
actuator 106 for moving the mirror 12 (see PIG. IS) 
vertically by interlocking with the photographing ©poratloa 
and a shuttor actuator 10S for driving the shutter unit 3 
are connected to a CPU 100 that controls the camera 
operation. This C?W 100 io further connected with the 

voltage source SO. 

The camera user reaoveo the taking leno 20 froa the 
camera main body 70. sets the cleaning mode for the camera 
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by operating tho cleaning mode Betting switch 102 and turaa 
on the releaoo switch 103. In response to tbio. the CPU X00 
provides a control aignal to the mirror actuator 104 and the 
Bhutter actuator 105 to oot the member ia in • raised Qtate. 
i.o.. the state indicated by the 2 -point chain line in PI©. 
15 and to sot the shutter unit 3 in an open state. Next, 
the CPXJ 100 providos a control signal to the voltage source 
60 to cause the voltago source 60 to generate a specific 
voltage. At this time, either an AC voltago or a DC voltago 
may be generated by tho voltage source SO. Thio noutralise.0 
electrical charges at tho shutter unit 3. the optical filter 
1 and tho imaging device 5 to reduce tho force with which 
foreign matter adhoroo to the optical filter 1 and the 
imaging device 15 (the attractive force generated by static 

15 electricity) . 

in addition, tho foreign matter that io adhering to tho 
optical filter 1, the imaging device IS and the lifce may 
itself be electrically charged. In ouch a cdoq. the foreiga 
matter may bo lifted off the optical 2iltor 1 or tho imaging 
device IS by generating an AC voltage with tho voltago 
eouxce 60 or by applying a DC voltage having a polarity 
which will generate a repulsive "force againofe tho adhering 
foreign matter. The foreign matter can be removed with easa 
by the camera user with a blower or the like to blow air 
35 into the inside of the mirror bo* 72 in the state ia which 
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the voltage ia being generated by the voltage source GO as 
described above. At this time, the foreign matte* CQtt bQ 
removed even more effectively by employing an apparatus that 
electrically charges the air blown out of the blooar to 
5 generate an attractive force to attract the foreign matter 
with the electrically charged air blotm out o2 tho 
apparatus . 

After the cleaning process io completed as described 
above, tho CPU 100 interlocks with the camera uoo? operation. 
10 in which the release switch 103 is turned on again to 

transmit a control signal to the voltago sourc© 60, the 
mirror actuator 104 and the shutter actuator 105. Thie 
stops the voltage generation at the voltage source 60, 
closes the shutter unit 3 and lowers the mirror 12. 
15 The cleaning mod© described above may be also adopted 

in the camera explained earlier in reference to FIG. 18. Xn 
addition, while the source 50 in the camera explained in 
reference to ?XG. 18 and the source SO in tho camera 
explained in reference to FIG. 19 are provided inoido the 
20 camera, these voltago source© 50 and 60 may b© osaitfced to 
supply a voltage from an external source provided outside 
the camera. In that case, the terminals 50a and 50b as tho 
terminals 60a and 50b should be set in a shorted state 
during normal operation. Then, when the cleaning mode is 
25 set, a voltage is applied by the external voltago source to 
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the terminals 50a and 50b or the terminals 60a and SOb. By 
adopting this structure, a snore coapact. lighter and le®o 
cootly camera is achieved with ease. At tho samo tima, the 
removal of foreign matter is facilitated. 

While the explanation given above in reference to FIGS. 
15 - 19 uses an example in which the present invention its 
adopted in an interchangeable lens type DSC. the present 
invention may also bo adopted in a fixed talcing lens type 
DSC. In addition, while the explanation is given on aa 
example of a direct image forming type caao?a constituted by 
providing the optical filter 1 and the imaging device 15 
near the primary image forming plane of the taking leas, the 
present invention may be adopted in a DSC provided with a 
relay lens system as explained below in reference* to FIG. 
20. 

FIG. 20 illustrates a schematic structure of an 
interchangeable lens type DSC provided with a relay lens 
system comprising a field len© 42 and a relay leas 45. with, 
the same reference numbers assignod to components identical 
to those in the interchangeable lens type DSC illustrated in 
FIG. 15 so that the explanation can be focused on tho 
differences from tho camera illustrated in FIG. 15. 

Tho following explanation is given is reference to an 
assumed state, i.e.. the photographing state in which the 
mirror 12 is as indicated by the 2 -point chain line in FIG. 
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20 and the shutter unit 3 is open. The field leno 42 is 
provided near tho primary image forming plane of the taking 
lena 20. Behind the field lone 42, mirrors 43 and 44 for 
bending the optical path are provided, and behind the mirror 
44, the relay lens 45 is provided. An imago of the subject 
formed on the primary image forming plane ©£ tho taking lena 
20 is transmitted through the field lens 42, the mirror 43, 
the mirror 44, the relay leno 45 and the optical filter 1 to 
become reformed on the photosensitive surface of the imaging 
device 15 in a reduced size. In other words, the 
photosensitive surface of the imaging device 15 constitute© 
tho secondary image forming plane o£ the taking lens 20. On 
an optical path °p° indicated by the 1 -point chain line in 
FIG. 20 r a shadow will be cast on the subject image formed 
on the photosensitive surface of the photoeloctric 
conversion element 15 even by foreign matter such as duot 
and lint present near either the primary image forming plane 
or the secondary image forming plane. In ordor to eliminate 
this concern, it is desirable to provide tranopareafc 
electrodes on tho front surface of the field leao 13 aad on 
the exit surface of tho relay lens 15 and to connect t&e 
transparent electrodeo to the conductive area of the casing 
37 , the voltage source 50 (sqo FIG. 18) or the voltage 
source 50 (see FIG. 19). 
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While the explanation has boon givoa abov® on an 
example of application of tho present invention in a camera, 
the present invention may be adopted in othor optical 
apparatuses. The following ia an explanation o2 an oxampl© 
in *rhich the present invention ia adopted in an imago input 
apparatus (imago scannor) given in referenco to F2<3. 21. 

in FIG . 21, which illustrate a schematic structure of 
an image input apparatus, an image input unit 250 comprises 
a mirror 162, an imago forming lens 164, and imaging device 
252, a housing 258 for housing thooo mombors and th® like. 
At the imaging device 252, pixels are arrayed along a single 
column or over a plurality of columns along the direction 
extending perpendicular to the page on vhich PIG. 21 is 
printed. A ribbed belt (timing belt) 158 is provided 
connecting bet^oon whoolo 1S4 and 156. Th© imago input unit 
250 is secured at the ribbed belt 158. Tho s*h©<al 156 is 
driven to rotate by a stepping motor 152 to drivo the image 
input unit 250 in tho horizontal direction relative to tho 
page on waiefe FX©, 21 is printed in a reciprocal movement- 
Theso componento are foouoed in a casing 173- A platen glass 
166 is provided at an opening at tho top of th© casing 172, 
and a document holder 168 which is capablo of covsring th© 
entire platen glass 166 is further provided. 

A host computer (not shown) is connected to th® image 
input apparatus 150 structured as described abovo. In 



reopens© to an operation o£ the ho©t computer by the 
operator after he seta a document U to bo read on the platen 
gleso 166, tho hoot computer issues an imago input command 
to the imago input apparatus 150. In response to this image 
input command, the imago input apparatus 150 start© an image 
input of the document « and transfers the image data to tho 
host computer. In other words, an operation in which an 
image of the document M formed by the image forming lens 164 
is linearly read by the imaging device 252 and then the 
image input unit 250 is mad© to move in tho horizontal 
direction relative to the surface of the page on which FIG. 
21 is printed at a specific moving pitch is repeated to 
input a two-dimensional image off the document S3. 

During this process, if foreign matter is adhering to 
the front surface (document mounting surface*) or the rear 
surfaco of tho platen glass 166, the exit ourfaco of the 
image forming len© 164 or the photosensitive surface of the 
imaging device 252, the shadow of the foreign mattes will b® 
transferred. In particular, i£ foreign matter adheres to 
tho exit surf ace of the image forming lens 114 or the 
photosensitive surface of the imaging deyico 252, a shadow 
will bo caot constantly on the image input as opoeific 
pixelo o£ tho imaging device 252 a line will bo transferred 
onto the input image resulting in a faulty picturo. 
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To deal ttitb this problem, a transparent electrode (not 
ehotm) ±8 formed at the rear surface of tho platoa glass 16 6 
in tho image input apparatus illustrated ia FIG. 21. This 
transparont electrode ia connected to an electrically 
conductive area of tho casing 172 via a conductive 
connection portion 170. LifcowisQ. a transparent electrode 
(not shown) formed at the exit surface of tho imago forming 
lens 164 and a transparent electrode (not shown) formed at 
the front surface of a ooal glass 252a of tho imaging device 
252 are respectively connected to the electrically 
conductive aroa of th© housing 258 via a conductive 
connection portion 2 56 and a conductive connection portion 
254. The structure illustrated in FIG, 17B or FIG. 17C r for 
inotancQ, may bo adopted in the conductive connection 
portions 170, 256 and 254. 

Th© electrically conductive area o£ tho housing 250 and 
tho electrically conductive area of the casing 172 aro 
connected with each othor by a conductive mambos? 260 w&ie& 
can be deformed freely, such as a curlod or alack flexible 
printed circuit board (FPC) . Ao a roault, even when the 
image input unit 250 moves in the left and right direction 
on the page on vhich FIG. 21 is printed, the oloctrically 
continuous state can be maintained for the electrically 
conductive area of the housing 258 and the electrically 
conductive area of the casing 172. By adopting tho 
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stnacturo explained above, in ^hich the platen glass 166, 
tho exit surface of the image forming lens 164 and the 
imaging device 252 are all connected with* the casing 172 
with their potentials sot ecjual to that of tho casing 172, 
5 generation of static electricity is suppressed. Thus, it 
becomes possible to prevent foreign matter from adhering to 
tho platen glass 166, the image forming lens 164 or the 
imaging device 252 to cast a shadow on tho input image. 
The present invention may be adopted la optical 

10 apparatuses other than those in tho examples explained 

above. For instance, it may be adopted in an image input 
apparatus without an image forming lens, which reedo tho 
document to be read by placing the imaging devices in close 
proximity to tho document or an image input apparatus that 

15 is provided with a light guido constituted in the form of a 
fibor scope between the object o£ imago input and the 
imaging device. 

20 
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